EXPERIMENTS performed by Bert [1884], Kaufmann & Hagne [1906] , Porcher [1909, 1], Paton & Cathcart [1911] and R6hmann [1919] indicate that the glucose of the blood stream is the substrate for lactose synthesis by the mammary gland. As it is known that in diabetes mellitus the hyperglyeaemia causes the appearance of glucose in various secretions such as saliva, sweat, bile, pancreatic secretion etc., it became of interest to investigate whether, in this condition, glucose is found in milk together with lactose or whether the mammary gland is still capable of secreting all the sugar of milk in the form of lactose. That the mammary glands, under certain conditions, can secrete unchanged glucose has been shown by Grant [1936] who injected prolactin for 2 weeks into animals which had gone completely dry.
EXPERIMENTS performed by Bert [1884] , Kaufmann & Hagne [1906] , Porcher [1909, 1] , Paton & Cathcart [1911] and R6hmann [1919] indicate that the glucose of the blood stream is the substrate for lactose synthesis by the mammary gland. As it is known that in diabetes mellitus the hyperglyeaemia causes the appearance of glucose in various secretions such as saliva, sweat, bile, pancreatic secretion etc., it became of interest to investigate whether, in this condition, glucose is found in milk together with lactose or whether the mammary gland is still capable of secreting all the sugar of milk in the form of lactose. That the mammary glands, under certain conditions, can secrete unchanged glucose has been shown by Grant [1936] who injected prolactin for 2 weeks into animals which had gone completely dry.
Two cases of diabetic nursing women were available. Their milk sugar was examined for different periods during lactation. During pregnancy the two patients were receiving insulin injections whenever it was found necessary and care was taken to prevent glycosuria. It was noticed, however, that for a certain period after parturition and during lactation glucose ceased to appear in urine. The patients themselves could record the improvement in their state by the disappearance of symptoms such as thirst and polyuria despite the cessation of insulin and of the restrictions of the diet which then contained liberal amounts of carbohydrate. The weights of the patients were constant during this period of lactation. The sugar tolerance curves before pregnancy indicated moderate diabetes in case I and severe diabetes in case II (Table 1) . During lactation the normal state continued for 8 months in case I and for 7 months in case II after which glucose started to reappear in the urine and the symptoms recurred.
The disappearance of glycosuria for a certain period during lactation suggested changes in carbohydrate metabolism in that condition. Some investigations were carried out on the milk, blood and urine of the two diabetic subjects in an attempt to throw some light on the nature of these metabolic changes. Further work on the latter problem is still proceeding on animals.
EXPERIMENTAL
The nature of augar in the milk of diabetic8 The two subjects of this investigation were suffering from typical diabetes mellitus as could be seen from the nature of their sugar tolerance (Table 1) which was worked out before pregnancy.
Sugar was present in the fasting urine in both cases and increased in amount after the ingestion of glucose.
Samples ofmilk were taken in both cases at different periods after parturition. The milk was always collected aseptically. The proteins and fat were precipitated I Biochem. 1940, 34 ( 1 ) It has already been mentioned that the diabetic symptoms disappeared for a certain period during lactation and then reappeared, but the results of the above experiments which were performed both in the presence and absence of these symptoms were always the same, thus indicating the ability of the mammary glands to prevent the leakage of blood glucose into the milk of diabetics even in the presence of a high concentration of blood glucose. The synthetic power of these glands appears to afford an efficient mechanism for transforming the whole of the sugar secreted in milk into lactose regardless of the level of the blood sugar. The absence of such a mechanism from other glands may explain the appearance of glucose in their secretions in diabetes.
Carbohydrate metabolism during lactation Lactose synthesis by the mammary glands from blood sugar might be thought of, in the first instance, as one of the possible explanations of the disappearance of diabetic symptoms for a certain period during lactation. In the latter condition the blood sugar of both normal and diabetic persons finds a new route for its consumption and a normal person will be in a state approaching that of a diabetic in that there is a waste of sugar from the body with resulting polyphagia; in case of the diabetic the removal of sugar in the milk, which would otherwise be lost in the urine, may temporarily remove the diabetic symptoms. On this assumption the only difference between lactating normal and diabetic persons will be that in the former either the glucose stores are mobilized to replace the blood sugar lost in the synthesis of lactose and the glucose loss will be equivalent to the lactose formed or there may be equilibrium between a hyperglyeaemia developed during lactation and-lactose formation [Bert, 1884; Porcher, 1909, 2] ; while in the case of a diabetic person the excess of blood sugar above the normal level is utilized for the lactose synthesis. On this basis the disappearance of diabetic symptoms necessitates the assumption that, during lactation, the whole of the glucose which would otherwise be lost in the urine must be transformed into lactose. In a case of severe diabetes, like case II of the present investigation, the urinary glucose excretion may amount to as much as 500 g. per 24 hr. [Beaumont & Dodds, 1931] on an ordinary mixed diet as was ingested, during lactation while, if the milk composition and yield are the same as in a normal person, the lactose produced in 24 hr. would not exceed 51-85 g. Since glucose was not found as such in the milk of diabetics it is clear that the lactose yield should appreciably increase if it was the only factor responsible for the disappearance of the diabetic symptoms during lactation. Lactose occasionally appears in the urine of pregnant and lactating normal individuals, but the urine in the two cases described during the period of absence of diabetic symptoms showed no reduction of Fehling's solution on several occasions and the osazones prepared from these urines resembled the osazone mixture normally present in urine. Winter [1932] proved the absence of lactose from the blood during lactation and of a threshold for this sugar. It fbllows that there was no replacement of glycosuria by lactosuria in such cases and that any increment in the lactose yield above normal would appear almost entirely in the milk as there could be no retention of this sugar in the blood.
The estimation and comparison of the total lactose yield in the milk of diabetics with that in the milk of normal individuals involve several difficulties. The lactose in mature milk of normal individuals varies from 6 to 8%. It can be seen ( persons were normal, but the difference between the usual lower and upper limits is only 2 % which does not appear to account for the disappearance of glycosuria, especially in a severe case. Still, there is the possibility of an abnormally excessive yield of a milk with a normal percentage of lactose but estimates of milk yields in women are subject to error from many sources. In view of these difficulties in obtaining an accurate estimate of normal milk yield it was thought that at least some idea of milk yield might be gained from analytical data. On the assumption that in diabetes there is no reason for an increase in the yield of milk constituents other than lactose it is conceivable that if there is an increase of milk yield, in such cases, although the percentage of lactose may remain within the normal range yet the milk will be dilute as regards its other constituents. The fact that glycosuria reappeared after a certain period of lactation allowed a comparison between the percentages of lactose and the constitution of milks obtained during the periods when there was no loss and when there was a loss of sugar in the urine in one and the same person. Further, it would be expected that if the percentages of all the constituents of milk were within the normal range, during either of the two periods, an increase in milk yield would aggravate the condition of the lactating patient, which is contradictory to the actual observation.
For the collection of milk for analysis the instructions of Talbot [1919] were followed. The milk was collected at about 10 a.m.; 20 ml. were drawn both before and after nursing and the two samples were thoroughly mixed. The specific gravity, total solids, lactose, solids other than lactose a'nd ash content were estimated in each case. Table 2 shows the constitution of mature milk during the periods of disappearance and of reappearance of glycosuria, a comparison between the two kinds of milk and between these and the constitution of mature milk of normal individuals. 018-0-2.5 * Average at 600 F. It is clear that the constitution of the milk of lactating diabetics is the same during the disappearance and the reappearance of glycosuria and in both cases it does not differ from the constitution of the milk of normal individuals. The fat content was also estimated in some samples and was always within the normal range. It may be mentioned that the percentages of the constituents in all the individual samples examined did not differ appreciably from the average percentages given in Table 2 .
After the reappearance of glycosuria it was arranged to draw the samples of milk at the close of 24 hr. during which the urine was eollected. This technique was followed in case II; the samples of urine always showed a strong reduction and gave abundant typical glucosazone crystals. The amount of sugar in the urine varied from 26 to 33 g. per 24 hr. which suggested that the hyperglycaemia which recurred while lactation was still proceeding was of a milder nature than before pregnaincy. This is further indicated by the estimations shown in Table 3 which also show that the hyperglyeaemia, after the cessation of lactation, returns almost to the high level obtaining before pregnancy.
It might be thought that the disappearance of glycosuria for a certaik period during lactation was due to a temporary rise in the renal threshold for glucose, but determination and comparison of the fasting blood sugar levels in case II in the different conditions indicated in Table 3 excluded this idea. It is clear that in this case of severe diabetes the blood sugar level in absence of glybosuria was within the normal limits (90-110 mg. per 100 ml. blood) and that the appearance or absence of glycosuria was quite dependent on the level of the blood sugar.
Basal metabolic rate during lactation The possibility of the prevalence of factors which raise the metabolic rate during lactation may explain the disappearance of glycosuria in this condition. Fluctuations in oxygen consumption in women are stated to occur; thus the oxygen consumption may fall to 170 ml. per min. during menstruation and rise to 195 ml. 10 days later. Such fluctuations appear to be correlated with variations in the production of sexual hormones which are at a minimum during menstruation and which, according to Verzatr & Arvay [1931] ; increase the basal metabolism in females. Lee [1928] also observed an increase in basal metabolism in rats in dioestrus and pro-oestrus but no change in any other period of the cycle. The disappearance of glycosuria for a certain period during lactation and its reappearance cannot be ascribed to fluctuations in the production of the ovarian hormones since the glycosuria disappeared entirely, in the two cases examined, during the inhibition period of menstruation which follows parturition when it is supposed that there is a deficiency in the production of these hormones, while once the glycosuria starts to reappear during lactation it continues during every period of the menstrual cycle. It follows that if there is any increase in basal metabolism during lactation it will, in all probability, be caused by different factors which operate in this condition. For the comparison of the basal metabolism during lactation with that in the non-lactating condition it was thought advisable to make the comparison under conditions which cover -all the cyclic fluctuations in the non-lactating state and, for this purpose, the comparison of the basal metabolism in short-cycle animals such as the rat in which the cycle occurs every 4 or 5 days is more instructive especially when the study is extended for 7 or 8 days.
A number of female rats of the same litter and weight were chosen. Some were allowed to become pregnant and some were left as controls. One week after parturition the oxygen consumption of both the lactating rats and the controls was measured in a closed system. Four pairs of rats of the same weight 160 g. were chosen of each batch. Two pairs of the four of each batch were alternately deprived of food at 4 p.m. on the day preceding the experiments which were performed on consecutive days. On the days of the experiments the oxygen consumption of each pair of the two of each batch was separately estimated. The consumption in the first 30 min. was ignored in each case, in order to avoid the effect of handling and fear of the apparatus. It was found that the oxygen consumption of the lactating rats was within the range for the non-lactating animals which varied from 160 to 175 ml. 02 per pair per 30 min. during 8 days. It appears, therefore, that there is no recognizable increase in the basal metabolic rate during lactation and that this factor is unlikely to explain the disappearance of glycosuria in lactating diabetics. SUMMARY 1. In lactating diabetics no glucose is secreted in the milk regardless of the existence or absence of hyperglycaemia. The amounts of lactose and other constituents of the milk remain within the range for normal individuals.
In diabetics, the active mammary glands, contrary to other glands, prevent glucose leakage, possibly by virtue of their synthetic power for lactose, and are capable of maintaining normal milk composition.
2. The diabetic symptoms in the two cases examined entirely disappeared for a certain period during lactation and reappeared while lactation was still proceeding. The hyperglycaemia recurring during lactation was \of a milder nature than both before pregnancy and after cessation of lactation.
3. Lactation has no effect on the basal metabolic rate of rats. 4. The disappearance of hyperglycaemia and glycosuria during lactation could not be explained by either (1) secretion of glucose in milk, (2) excessive lactose secretion, (3) replacement of glycosuria by lactosuria or (4) increased sugar combustion.
